Introduction
The free convection flows together with heat and mass transfer are of great importance in geophysics, aeronautics and engineering. In several process such as drying, evaporation of water at body surface, energy transfer in a wet cooling tower and flow in a desert cooler, heat and mass transfer occurs simultaneously. Soundalgekar et al. [1, 2] for instance, have studied the mass transfer effects on the flow past an oscillating vertical plate with constant heat flux and variable temperature respectively. Asogwa et al. [3] investigated heat and mass transfer past a vertical plate with periodic suction and heat sink using perturbation technique. In addition, the interest of researchers to study the interaction of convection phenomenon with thermal radiation has been increased greatly during the last few decades due to its importance in many practical involvements. The advancement of space technology and in processes involving high thermal radiation effects play an important role. Recent developments in industrial technology have focused attention on thermal radiation as a mode of energy transfer and emphasize the need for improved understanding of radiative transfer in these processes [4] [5] [6] . Radiation effects on free convection flow over a vertical plate with mass transfer were presented by Chamkha et al. [7] . Chandrakala and Bhaskar [8] also considered the radiation effects with uniform 2 heat flux and mass diffusion. Recently, Abid et al. [9] studied the magnetohydrodynamic free convection flow with Newtonian heating condition in the presence of radiation and porosity effects.
Usually, the problems of free convection flows are modeled under the assumptions of constant surface temperature, ramped wall temperature or constant surface heat flux [10] [11] [12] .
However, in many practical situations where the heat transfer from the surface is taken to be proportional to the local surface temperature, the above assumptions fail to work. Such type of flows are termed as conjugate convective flows and the proportionally condition of the heat transfer to the local surface temperature is termed as Newtonian heating. This work was pioneered by Merkin [13] for the free convection boundary layer flow over a vertical flat plate immersed in a viscous fluid.
However, due to numerous practical applications in many important engineering devices, several other researchers are getting interested to consider the Newtonian heating condition in their problems. Few of these applications are found in heat exchanger, heat management in electrical appliances (such as computer power supplies or substation transformer) and engine cooling (such as thin fins in car radiator). Literature survey shows that much attention to the problems of free convection flow with Newtonian heating is given by numerical solvers, as we can see [14] [15] [16] [17] and the references therein.
However, the exact solutions of these problems are very few [18] [19] [20] [21] [22] [23] .
In all these studies, the concept of slip condition is not taken into account. Recent interest in the study of vibrating flow with slip condition has been mainly motivated by its importance in microchannels or nanochannels. It is also known that slip can occur if the working fluid contains concentrated suspensions [24] . Seddeek and Abdelmeguid [25] studied effects of slip condition on magneto-micropolar fluid with combined forced and free convection in boundary layer flow over a horizontal plate. Under the influence of slip effects, Hayat et al. [26] studied oscillatory flow in a porous medium. In the same year, Hamza et al. [27] investigated the problem of unsteady heat transfer of an oscillatory flow through a porous medium under the slip boundary condition. Farhad et al. [28] analysed the influence of slip condition on unsteady magnetohydrodynamic (MHD) flow of Newtonian fluid induced by an accelerated plate. Recently, in another paper, Farhad et al. [29] developed exact solution for the hydromagnetic rotating flow of viscous fluid through a porous space under the influence of slip condition and Hall current. To the best of authors' knowledge, so far no study has been reported in the literature which investigates the slip effects on unsteady free convection flow of an incompressible viscous fluid past an oscillating vertical plate with Newtonian heating and constant mass diffusion. The present study is an attempt in this direction to fill this space.
Mathematical Formulation
Let us consider unsteady free convection flow of an incompressible viscous fluid past an oscillating vertical plate with Newtonian heating and constant mass diffusion. The flow is assumed to be in the x -direction which is taken along the plate in the vertical upward direction and the y -axis is chosen normal to the plate. As the plate is considered infinite in x -axis, therefore all physical 
The initial and boundary conditions are
The radiation heat flux under Rosseland approximation [30] is given by
It is also assumed that the difference between fluid temperature T  and ambient temperature 
In view of Eqs. (7) and (8) 
Substituting Eq. (10) into Eqs. (1), (3) and (9), we obtain the following non-dimensional
The corresponding initial and boundary conditions in non-dimensional forms are
where   33 00
Method of Solution
In order to obtain the exact solution of the present problem given by Eqs. (11)- (16), we use the Laplace transform technique and obtain 
where
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Pr , , Pr Physically, it meets the logic that fluids with large Prandtl number have high viscosity and small thermal conductivity, which makes the fluid thick and hence causes a decrease in the velocity of the fluid. The effect of the radiation parameter R on the velocity field is shown in Fig. 2 . It is observed that velocity increases for large values of the radiation parameter R . Such a variation in velocity with radiation parameter R is physically acceptable because higher radiation occurs when temperature is high and eventually velocity rises. This figure also shows the comparison of pure convection (R = 0) and radiation. It is found that in case of pure convection the velocity is minimum.
Grashof number is the characteristic dimensionless group which approximates the ratio of the buoyancy to viscous force acting on a fluid. It frequently arises in the study of situations involving natural convection. The influence of Grashof number Gr on velocity profiles is shown in Fig. 3 . It is found that the velocity profiles increase with increasing values of Gr . Physically, it is due to the fact that as we increase
Gr it gives rise to the thermal buoyancy effects which gives rise to an increase in the induced flow. On the other hand, the modified Grashof Gm number is found to have similar effects on velocity profiles as observed for the Grashof number. This fact is shown in Fig 4. [28, 29] , (see Fig. 1 and Fig.   7a ). The velocity profiles for different values of the Newtonian heating parameter  are presented in Fig. 7 . It is found that as the Newtonian heating parameter increases, the density of the fluid decreases and the momentum boundary layer thickness increases and as a result, the velocity increases within the On the other hand, the effects of Prandtl number Pr on the temperature are shown in Fig. 11 .
It is observed that the temperature decreases with the increase of Prandtl number Pr. Physically, it is due to the fact that with increasing Prandtl number Pr , thermal conductivity of fluid decreases and viscosity of the fluids increases and as a result the thermal boundary layer decreases with increasing Pr . On the other hand, the buoyancy that results from the thermal expansion of fluid adjacent to the surface is the cause for the development of a rising boundary layer. Consequently, it is found from the comparison of Figs. 1 and 11 that the velocity boundary layer is thicker than the thermal boundary layer because the buoyant fluid layer causes macroscopic motion in a thicker fluid layer due to the strong viscosity.
The effects of radiation parameter R on the temperature are shown in Fig. 12 , where 0 R  indicates to the case of no thermal radiation. It is observed that the temperature increases with an increasing radiation parameter R . Physically it is due to the fact that the job of thermal radiation is to increase the thermal boundary layer thickness. It is found from Fig. 13 that the effects of time t on the temperature are quite identical to that on the velocity profiles. Further, it is found from Fig. 14 that an increase in the Newtonian heating parameter increases the thermal boundary layer thickness and as a result the surface temperature of the plate increases. Finally, it is observed from all the temperature profiles that the temperature is maximum near the plate and decreases away from the plate and finally asymptotically approaches to zero in the free stream region. It is found from Fig. 15 that the influence of time t on concentration profiles is similar to velocity and temperature profiles given in Figs. 8 and
The effects of Schmidt number
Sc on the concentration profiles are shown in Fig. 16 . It is seen from this figure that an increase in value of Schmidt number makes the concentration boundary layer thin and hence the concentration profiles decrease.
The numerical results for skin friction, Nusselt number and Sherwood number for different parameters are presented in Table 1 
Conclusions
The work considered here provides an exact analysis of unsteady free convective heat and 
